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Abstract of JP2002230986 

PROBLEM TO BE SOLVED: To provide a 
nonvolatile memory which can perform 
synchronous reading with a frequency higher 
than a frequency which can be used now for data 
stored in a nonvolatile memory and which is 
operated by a burst reading mode. SOLUTION: 
This nonvolatile memory (10) is provided with an 
input pin (2) receiving an external clock signal 
supplied by a user, an input buffer (4) receiving 
the external clock signal and supplying an 
intermediate clock signal relating to the external 
clock signal and being delayed, and a delayed 
lock loop (12) receiving the intermediate clock 
signal and supplying the intermediate clock signal 
distributed in the nonvolatile memory and 
synchronizing with the external clock signal 
substantially. 
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1 . Titie of Invention 
SVK1II0JI0US-REJDISG NONVOLATILE MEMORY 
1. Claims 

1. A oGDvclitile memory comprising: 

an input configured to receive an externa! clock signal <npp 
lied by a use r; . and 

a clock generating means inclosing a rieiay locked Iccp mean; 

, said cicck generating means connected In said input, configured to rec 

eive said external cicck signal from said input and configured tc supply 

* 

ac icteroa! deck dgnai tu be distributed into said nonvolatile memo; 
* based open said c i i c i o a i deck signal. 

2- The ocmelaiile memory according to claim I. therein said c! 
ocfc generating Beans further include an inpa: means ccnoected between sa 
id input cf said ncaulatile raemc r f and said delay locked loop nseans, sa 
id input means having an coipai; and vherein said delay I c c k e d leep mean 
s includes a programmable delay means having a first input connected tc 
Said output of said inpnr means and an cctput configures tc supply said 
interna! dock signal, said prcgrammabie delay means moreover bating a s 
eccnd input configured tc receiye a selection signal for selecting a dei 
ay tc be introduced by said programmable delay means such as tc bring sa 
id interna! deck signal s b b s t a n c i a 1 i y in phase *iih said externa) clock 
signal. 

3. The nODvclatile memory according tc claim 2. *he;cic said pr 
cgrammabic delay means includes a delay chain, and a selection means con 
n e c l c u t c said delay chain, s a ; d selection means cenf igQ/ed to I e c e i f e c 
n an input said selection signal 1 c i selecting the delay to be i o t reduce 
d by the delay chain. 
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\, The ocv-'datilc ircT.-:;? a :cc ri i eg :s c Iain: I. ffbr'd'. sgii de 
i 2 y chain ioclodn a plrality cf dday cells cascaded tcgetbfr. 

5. The eenrciati !c mc^ic : y ac;c::iiitg to dairt 4. v h c • e : r <d; <? 
iecticn means induics a shift register cQP.QCc:ed to said dda? ce-is : 
(aid shift register ci?digu:cd tc a c : i r a : c an: deactivate the deiay cci! 

6. The nenrciaiile rt o m u r ? according :c uairc I. whe'? : r ?air de 
lay locked Iscp mears further includes a phase detecting means configure 
d t c receive c r. a f i I n i a p i i i a ; d external c I c c k s i g r: a i and t z r e c e : v r 
cc a secctid inpol sairi i o i ? r c a i c . u c k s i g s a 1 , iu*i configured to S t p 9 ! ? c 
n au output said selecti-ru figes; c said pr «gr amma b I e delay iceaas. sal: 

select i o c dgna- beinz a fundicn d the phase shift beiTeea said cittr 
nal deck signal and said I 1 i e j n s ! c ! c c k signal. 

7. The nenvr. Iiti ie mentor y accord ing tc data 6. therein Jaia li 
rst input of said phase c speeding mean is connected ;o tee output cf $a 
id input means; and wherein said delay locked 1 c c p means further ire lode 
s dnroinT means so arranged bet?e«c the output of said pr eg J aroma b ! e delay 
means and said s e c c n d input c f said phase d c ; c 1 1 1 o g means t c S i ra c i a t < t b 
e delay int red need by said iopa: means. 

8 . The n c n v « ! a i i ! e me mc r y acccrd icg t c claim 7 . *h e r e i t s a i j in 
put means indidts aa inpri hdfe:. ace said d amity means iacisiies a dumrn 
? buffer. 

9. The DcnvciatHc memory acccrdiog to claim 2. vaerela said de 
lay locked leep means further include? a driving means connected tc the 

c t! t p u : c f said p r c g r a mm a b ! e delay means. 

10. A tsinolaiile memory comprising: 

means for rcceidog an enema 1 deck signal supplied by a « 

5 C r ; 

means for generating an : n ■ e r a a ' deck s i g n a j b a 5 e d upon t b c 
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receive: extern! clock signs! . the means fcr gene: ads? an iote'ra: cl 
uct si goal including me a is fc: cdayi a a ihe i d t e r D.a i deck signal r f I a t i 
v c to the c a i c r n z ! clock signs': an; . 

means f c r ti i s i r i ba ; i og '.he internal clock sigcal t h r c n g b the 

d 6 n v g i 1 1 i I c m c m c ; ? . 

11. The icovcia'-iic memory according lc claim 10 . therein siio ic 
eaiss lo: delaying the internal clock dgta: further incloses a means fcr 

p f c g i a njrn i d g a delay by an a mo it; that iic io:croa! cicck si goal is del a 
ycd r e ; a t i t c to the external deck sig&s! ihrougb a means fcr receiriaf 

a s e i e c ; i c o s i g c a i f c i E « 1 e c t ; n g a delay t c bring i h c i o i e : n a ! clock d g 

* 

r a I sebs last ia ! 1 y in phase with the externa! cicck sigoad 

12. The ncEvcla: ile memory according ic claim 11. therein the me 
ans Icr pr eg running a del a? icclcdes a me 3 us Ic: chaining delays to be a 
pplied tc the internal deck sigoal. 

13. rb e BCevclatilc memory according lo claim 11, Therein the me 
a n i fcr delaying the i b i c r a a 1 c ! c c i s i % o a ! f u r *. h e r i o c 1 u a e s a means fcr 
detecting a phase shift b c t w c t is the external clock signal sod < b e intern 
a I cicck signal, the selection si go a! being a fuuc.ico cf the detected p 
base shift between said e x t c r d a ! deck si go a! and said interna! cicck si 
g t> a I ■ 

14. Tbe DBSvciati Ic memory according :c ciaim 13. wherein the me 
a o s fcr programming a delay further ice lades a meaos fcr inputting a del 
ay tc the means fcr detecting a phase stif:, the simulated deiay sobstao 
tiaMy equal tc delay b e : ^ c e q the externa- cicck signal and the i n t « r o a 1 

deck dgnal in: reduced by per tic us cf the means for generating ao ioie 
r n a i cicck si g n a i ether than the means fcr delaying ; i e internal c I c c t s 
i gna 1 . 

3. Derailed Description c( Invent icr. 
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The present : n y e n : i c n r e " ? r c f : c a 8 y j- h : c r. e i s - r c 1 3 s 0 g n c 3 » c a : : ; c 
n c id c 1 y . 

\t is koc*n. to nee: the cocii accts deiranis fc: Increase in • c a s i a 
g performance ol F i a s h-EEPHOE memo r i e s , c evr mcc e s af readies have b e c a i 
n 1 reduced, which wen already used in ether types cf raemc : ; e $ ? such as D 
RAM and SRAM mcmc r i e S . in particular the EC ca : lfd 'page mode' read leg. 
in *nicb the memory is read ic pages each cf which contains a variable o 
umber of * c ? d s , aoii l be so-called ''burst mode* reading, in which., instca 
d, synchronous icadiags of consecutive rcrds are perfejmec at a freqseoc 
y f e I by a deck s i g c a I supplied from c a : s i d e b 7 the user c f the fflcne r 3f . 

Thanks tc the fact thai the burs: reading rccde enables a flow cl a 
a: a synchronous with the deck signal, it is increasingly more cften itp 
iemeated io f I a s h-EE PROM memo : i e £ . even theefh it does net a > > n ? extreme 
ly high reading frequencies tc be a c h i e ' e d . 

Is fact, if Tqh indicaies the period cf the external deck signal, 

^BUxST l ^ synchronous access time defined as the time interval e'apsic 
g between the edge uf the external clock signal representing the request 

fcr supply cf data on ; . he output of the meaicy a 3 d the last ant io time 
in which the data arc effectively presea: on the output cf ;he memc:*, a 
nd TjETiip the time fc: s e : u p cf the data at the cotpnt with respect to t 
he ssbsequeni edge of the clock signal a: which -he output data win be 
sampled and acquired from outside trie memory (i.e., rhe minimum time for 

which ibe data present on tbc output cf the memory must remain stable p 
ricr tc the edge c! the externa 1 deck signal for the data tc be sampled 

a 0 d acquired in a valid way, f 0 ; example by the microprocessor tc which 

the nonvolatile memory :i associated;, ibeu the following relation appl 

ics T cr T ByR$r T $£T(jp- 

CooSeQieotlft given that in f 1 a sk-EEPJt(W memories according tc the 
prior art operating in burst mode the data, setup time ^ fj ETU P accord 
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tDg the design « pec i f : f a : : ci rcrrentiy a d c p : e d . a ?p : cx :ei I c i y 5 OS. a 
od the sjrochrcccss access time Tj^jj currently achievable is apprcsimi: 
e!v JO ds : ir may iirirsf i i a t e ! y bp rcnclsded that i reading Ireqtczc? of a 
pprcximatelf 66 Mz (T CK =15«s) repreEeeEf an upper limit thai ciebbi be 
exceeded in f ) a s h-F.EPR0\i memcr i es according tc t k e prior an. 

The value cf the reading frequency indicated above is thea a Iheor 
e i i c a 1 limit that i i practical i y o c \ a c fc i e v i b \ e in any c I t He a p p I i c a t i c 
os In which nonvolatile incmc r i e 5 are applied Fill! low supply voltages, 
in particular collages i ewe r than 1.8V. 

Fcr a belter i n a e r s \ a n d 1 1 g cf That has jus: beet described, Tigerc 
s 1 and 2 respectively she* the path feifesed in a oca vc I a t i ! e memc ; y ac 
ccrdiug -c the piici art by the externa clock signal supplied b) the os 
ci, and the time relation existing between the external cicck signal and 

the clock signal generated inside the memory itself, in relatiut to the 

transitions of the data p'esent co the outputs cf the neitoiy. 

Iq particular, as :s shewn in Figure 1, where ce!v the parts cf ih 
e nonvolatile memory 1 eiefel fcr g o d e r s i a nd i »f! the picbiems i b a t the pr 
esent i n ? e d i Icq aims at s o 1 ▼ i o g are illustrated, the external clock sign 
al CK EST is supplied by the user co an iopot pin 1 cf the memory 1, *b;c 
b is connected to an inpsi buffer J csseotially consisting cf a NOR icgi 
c gate that has a first input receiving the external clock signal CRp^, 

a second input receiving a chip eoab" e signa; CE r also supplied br the 
user on a different input pin 6 of the memory I, and in output Eipplfiag 

an iniermediiie clock signal CKj^. 

The intermediate clock signai CK|\j is then supplied tc an in pot of 

a driving device 8, which supplies on as out per an internal clock sigoa 
I CX|jt which is then distributee inside the memory i and hence reprcsen 
ts the clock signal effectively used b? all the devices inside the memcr 
y . and with respect to which ill the c p e r a t i c c s are t i tee d . 
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(e particular, -he Ie;c:di! c : c c k sigm: CX^-j is delayed a i : h res 
p € c t to the externa! clock signal CK^y by a lime (qui tc the S'jrc qs* th 
e switching t r me c I ;hc input bcMc; 4 aed the switching time c( tie dri 
v i q g device 8 . 

Frcra the above ii is therefore inacJiitclr Md c r s t a dc at ! e that tlie 
synch- cue us access time "T b U li S T * s SCfnc ^ liFC ccati ibut ices- the (ii 
si contribution consisting cf lac delay beiwceo the external cluck sifoa 
I CKg 5 T and the interna: ciuck s i f a a 1 CR|\j T (typically quae t i f i a b ! e at a 
pprcxirnateiy 5 os) , and the second c cot ; i bo t i en consisting cf the delay 
with Thich the a'Ua are effectively present en I he cupels cf ite memory 
1 with respect tc the rising edge ci the* internal clock si goal CK j . * 
hich rep re?. en:s the request Icr s applying data cc the on pi ts cf the rcei 
civ 1 -aisc the latter delay being topically qnac: i I : ab i c at approilmatc 
It 5 os) . 

Figire 2 shews ike tine re 1 alien exist icg between the externa ! cic 
c k signal CK£jj , the internal clock signal CK|\|y. and the transitions cf 
the data tc be re a J on the cut pais cf the memory L, * i ; h reference tc a 
non-valid reading condition cacscd by failure :c comply wild ihe design 
specification thai is c o mm c n 1 1 adapted for the time c f setup o ) the cut 
pe t data ^ 1 1 h respect t c the o e x 1 rising c e g c c f i b c externa! c i c c k sign 
a I at which the said data a i e sampled and acquired from c u t s i ri e the me m g 
iv I. 

In particular, in barst medf reading, start cf reading cf l he data 
is controlled, as is known, by causing variation cf the icgic level cf 
a centre! signal "ADDRESS LATCH 3 supplied by the user tc an input cl the 
memory . 

fn detail, when the start 'eating control signal 'ADDRISS LATCH" a 
ssomes i low level, the 3 ADDRESSES' cf the 9 DATA' tc he read sippliec by 
the use: tc the input cf the raefflcry I are acquired, and, during a pre-s 
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e t time i c t e : v a i : t f e \ \ z z i c 35 r ! 3 : c n c f . : b c i a 1 3 arc read by : h s in ; mo 
ry fells, iespcra: ! I ? transferred into I r : e r c a ■ regis: e r s c I ihe memory 
1. afiri frcm the latter thee transferred cute tiic caLpu'.S cl lit memory I 
Itself, where the? are ready u be sampled and acquired f f ok ociside ifc 
e memory I 10 a syacbicacci »ay a: :h< risiog'ciges c( the cx'.croa! cicc 
k signal CKgj-j. 

In particular, the I a : c n c y time Is i n rf i c a : c d by lie maoulacirere; I 

n the specif i cations cf tbe acn?c!a:iie ra e n* 0 r y as a fundi en of the f:c: 

uency cl the external clcck s i g c a : C Kg^y (ic s u fa: is it is lied by the 

random access time), it can lie se: ejr.t r na I !y by tfct user, and ma 7 typi 

* 

caliy be Tar i e d frcir a minimum cl ivt :c a max intern cf six per ices cf the 
Mterna! clcck signal C K £ 5 p . 

Ceoieqoeailj, since the d a : a t c be read are supplied c a the t o i p u t 
s cf the numcry 1 s r nc h 1 0 0 cu s i y with the interna! cluck signal CK^j, bu 
t are read f r cm citside syncfci bogus ! y *:;h the exteraa! clccl sigaal CS j? 

l hey are not stable at tbe cut put fcr a: ; east a lime i q 1 c r \ a 1 equal 
to the data setup time Tjijttjp * 5 ns ' P 1 * c r tc the next edge cf tbe extc 
roal clcck signal CK £ 5 -j- at ffhich the cut put data are sampled, sc that rc 
a d i n c f the data dees set prove Talis. 

In c r d t r . t b e f e f c : e , t c p r c * e 0 : c c c s : r e a c c 3 f d 9 o - v 1 1 1 d readings, 
in aciHdaiiie rnernnnes according n tbe pricr ar: tbe ma it aura reading I 
reqnency a c h i e t a b ; e cannot exceea tbe fid MHi refer res i\i above, and -his 
constitute* a iinrtaticn that sievs (ic*n last diffusion cf ifee burst re 
adicg iec d e in f I a s h-EEPRUM merceries. 

Embodiments of tbe present invention provide a no n volatile memory 
c p e j a t i n g in burst reading m c d e t b a t enables STnehrcacis reading c I the 
data stored therein at f r e q a e n ( i e s higher than these correct ly a c » I e t a b ; 
e. Other aspects and feat cres are discussed teles'. 

Aspects include at input receiving an external c 1 c c t S 
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i g q a I supplied by a a s c * . an: c i a c !; g e n t ; a L : t ; -c cans r c c c i ■ i 1 1 said c x 1 1 
r a a ! clock s : g c a I aid u p p 1 y j o g a a ; n ■ e : o a I c 1 'J c k s i g c a 1 d Isx i ibutecJ i n t 
c said nonvolatile n ? si c i y where » n s * : 'J c c c k gccciat !Bg m c a r s censor i f« d 
elay lecked leep means. Oilier features and ad^ac tsges uf the iovcctioi 
* i I i become apparent f f cm tie [clicking detailed dese: Ipt ice. taken in c 
enj codicil wit! tbe accompanying d r a * ; a ? s . Other feat ores anc advantage 
s c I tbe i o t c o t i g n * i i I become a p ? a ; c a t from 1 b c f c I 1 c » ic g detailed d c s c 
i i p I i c & . t a k e o i c ccnjancl ion * : t k : h e a c c u m p a c \ i n g drawings. 

Fcr a better understanding of aspects c I the present ; 
oven lion, a preferred embodiment the reef is cot a esc li bed, poreiy tc pin 
tide a OCD-Iimiting e 1 3 mp ! e f r i t b refer c a c c tc 1 1 c attached drawing?. , 

The present i o v c o t \ c o is based e p o 8 tbe principle c f i o c r e a s i n g t h 
c maximum f f c q c c n c f of data r e a d i Q g in a flash -££ PROM nonvolatile mercery 
by eliminating the delay of the interna! clock signal CKj^t ^ i t h re spec 
t t c tbe c i s e ; d 1 1 clock signal CK ^ ; tbe redaction i c tbe syichicacns a 
ccess time ^BUR ST * cf * v ^ n S therefrom raakei it possible tc a c h i e f e readin 
g frequencies in the t e g i o t e f 9 0 - 1 0 D MHz. 

In greater detail, according to tbe present invention, e ! I it i & a t i c e 
of tbe delay of tbe i o t c r n a ! clock s i g a a I C K j \y w it b respect t c tbe e x t 
ernal clock signai CKggj is obtained using a delay locked loop (DLL) arc 
hitectute. ia fbicl tbe periodic::? cf the external clock sign I CKgj-j- i 
S exploited to generate an inter ml clock signal CK]^, -which may even b 
e perfectly in phase »iib the exiertai cicck sign a! ^ ^ £ 5 T ' 

Figure 3 shows a flash-EEPROM aonTclatile mercery baring a DLL arch 
i lecture w h i c b enables generation of an internal c i c c k signal 11 j >j j in p 
base ffith the externa! c!cck signal C K £ - y , 

In particular, Figure 3 sbcxs enly ;he pa-ts cf tbe nccvciatile ©e 
mory. which is. designated by 10, that are useful Icr an understanding cf 
the present invention; in addition, the parts that are identical to the 
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Se cf Figure I art designate: by iU saxc reference numbers- 

Id particular. as is sin;*n is Figcre 3, {fee externa! clock signal 
CK g ^ j i < j c p p I i m t c at input buffer .4 i d c n » : c a ' k; the c r. e described v I 
th reference tc Figcre 1. w h [ c b generates co an output a I ! r s r. : fcternudi 
arc clock signal CKj^j 

The first i a t e rmc d i a i e cicck signal CXj^ is then supplied tc aa i 
npot cf a d e [ a t locked leep 12 basically comprising a programmable delay 
ciicuit 14. a driving device 8. a dummy buffer 16. and a phase detectc 
18. 

In particular, L b c p r c g r a una b ! e delay circuit H receives c o a o i o 

» 

put :be lirsi in termed iate c i c c k signal CK^p sappMes on ao octpet a 5 
e c g t d i o : e r tte a I a : c clock s i g o a ! ^ ^ 1 N 2 ^ f ' 3 ' e ^ " ' : h r e 5 p c c * 1 c r 0 c ■ * " 5 1 
intermediate deck signal CK^ij by a pr eg : arrms b ! c d e T a 7 , a do c cmp rises a 
delay chain 20 formed by i pioralltr cf tiiiay ceils 22 cascaded tcgerhe 
r and selec lively act i v a tab • e/d ea c l i ra r ah ; e by 3 shift register 2 4 bavin 
g the function cf selecting the deiaj i n: rcdccec by ihe delay chain 20. 

fa tie example shown, the d e : a ? chain 20 is fcrrced by 64 delay cc! 
is 22. eacb cf which basically consists cf t*c logic inverters cascaded 
together (fci ectopic, cb;ained by means cf N.ANC logic Gates that are se 
iectively a c ! i rati bie/deacti vat able by mesas cf an enabling/disabling si 
g a a I supplied to the i a p 11 1 s c f said g * t e \ ) ana c c n ? t r i c n t i y : n 1 r c d 0 c c s a 
delay cf 0.5 as. 

The second intermediate clock signal CSj^ supplied tc the icpu 
i cf the driving device S, Thich is identica 1 :c the driring device 1 of 
Figure I and supplies cc an output an iore'nal clock signai CK|jj which 
is I h e a distributed inside the mercery 10. and iviich beoce represents th 
e cIccJi signal which is used by aii the devices present inside the inemcr 
y and wiih lespect tc which ai* the operations are timed- 

The internal cicck signal C K | y t is m c r e 0 v e r supplied l c tbc input 
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cl the c'urnmy heifer It, «r h I c h is 3 : : 'jge : s c r identical ts the input hclfe 
r 4 in crdc tc simulate ihe switching celaj istrcdicei by the input buf 
f c r T and supplies on an cc-pii: a c c-mc y clock signal C-Vj^t- 

The dummy deck signa: CK^y^ is then seppiied sc a first inpet c 
f the phase detector 18. which mcieeve: receives, cc a second input, the 

fiiet intermediate deck signs: CSj^j. ieitrnincs the phase shift exist 
ing between the interna! deck signal CKj^t and the first iotermediate c 
lock signal CK^. ana then supplies en the CGtpus ibc fcilcwiflg three 
signals, which are io turn supplied rc : h e inputs of the shift register 
U d the pr cgramraab ie delay circuit 14: a deck signal CKp Icr tirnlug t 
be operation c f the shift register I \ itself, a d c i a y c o o l 1 o 1 signal R I T 

t c increase the delay i c t r c i c c e d by the delay chain 20, a o d a c advance 
ccovrc! signal ANT tc reduce the delay iatredceed by the delay chain 20. 
The shift register 24 rsoiecver ha* a picralitf cf cutpeis. each cf 

* b i c h is connected t g a respective delay c d 1 22 t c c c a I r c 1 activation 
and d e a c t i n { i c o t h « reef as a function of the delay c c fi i r c I signal R I T a 
ad cf the advance cent id signal ANT. 

I q p a : t i c q I a r , the delay centre] signal R 1 T and the advance centre 

1 signal ANT are poise-type signals, the poises cl which respectively cc 
n : r c I increase and reduction c f toe d e ; a ? introduced by the delay chain 

2 0 in erne: t c b i : n g the interna! c i c c I signal C K j ^ ^ p c i f c c : I y in phase 
with the external dock sigsai CKjjj. 

In addition, the delay cf the firs: intermediate clock sigoai CKj^ 
j may be Gbtained in a simple *a? by exploiting the stricture cl the del 
ay cells 22. Id fact, since each cf these ceils is formed by t»c NAND i 
cgic gates cascaded tcgetbe: and selectively actifatabie by means of an 
appropriate enabling/disabling signal supplied tc the inputs thereof, t h 
c first intermediate deck signal CXj^j can cenvenieotiy be supplied to 
the input o 1 all the delay cells 22. a a c its effective i n j e c t i n c within 
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: h c delay chain 20 can be c b \ 1 i o e i c d y a : a S p - c '. f i c d e ; a 7 c 5 '. ' 22. in 
such a *ay t b a : t fe c d c i a ? intrcut-ccd b v the l 1 e '. 2 7 chain 20 b e t w e e n s a i 0 
spec: lie d e : a y c c I • 22 and 1 b c !?h delay c e ! ! 22 c f t fe e chain is precis 
el? the desired cce . 

In this *ay, -Jen, ;!ic seiccdou of ike number cl dday ceils 22 t 
c be aciirated in order t c achieve the desired d e ' a 7 can be c b t a i d c 2 by 
ike shift register 24 £ ; a: p ! 7 by issaicg a cemma nd for disabling the dela 
y cells 2? located c p s ; ream of -he specific dday cell 22 that setermiae 
s injecticn cf tbe fir?: intermediate cUck sigca! CK|^| vr i £ h 1 1> the dcia 
y chain 20, in socfc a ray thai ;fce delay ceils 22 located u p s 1 ream art n 
cn-pasdnf tdtk respect :c tie iojecTfon cf the first intermediate deck 

signal CKj\j| soppiicd tc the lnpi;t thereof, thus preventing, amenf cth 
er things, unnecessary CGOSemp i i go by elements that arc cct used. *hi!st 

ilie d e 1 a f tells 22 iccated dc* n s i 1 ear. cf the specific delay cell 22 tha 
t determines i d ; e c : : c d cf tie first inienaecia : e clock signal Cij^ with 
in the delay- chain 20 are c c d t ic ! i e i in s at b a way as t c be passing with 

respect tc the deck signal coming from the preceding delay ceil aad no 
n-passins with respect tc :he firs; intermediate deck signal Cftj^i . 

In ase. in a cyclic way the phase detccti; 15 determines the phase 

shift existing b e t * e e b ike d flffiray c ! c c k s i jr d a 1 CRrj^jv and the first id 
e: mediate deck dgaa! CK|\jj and generates a delay ccaud dgna! RIT c: 

an advance, centre! signal ANT tc ccntryl tke shift register 24 in such 
a way as t c increase c r decrease the cumber of c c I a y cells 22 activated. 

in c r d e r t e obtain an overall dela? c 1 tbe delay chain 20 suck as \ c re 
duce tbe phase shift betireei! tbe dummy deck signal CX^i^y and the firs 
t intermediate deck signal CKj^,, 3 no these operatic as cunt i owe tc be p 
en'crmed until the dummy deck si fin a; CKjujfjjy is delayed with respect to 

the first intermediate clock signal C K [ \j | e x a c d y by c n e period of the 
first intermediate clock signal CKj^j itself, ans ccn?eqaently is per fee 
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r ; y in p h i s s * \ 1 1 : h c ! a u e : . 

Since the fiiii i d l e rme: : d t c clock signal CiAjjj is ccfi$;iti:ca by 
the externa! dec* dgoa! CK^ T delay.e: by at jirton: e q u a :c ihc s»:ich 
icg lire c( the i n p v ; buffer 4. and the dummy deck signal CKy^jy is cc 
nstituted by tie internal deck signal CKj^j delayed by an aramc equal 
tc the iviiclilK dine cf -he Uxia? b u f f e - lfi t there co : r e : po cd S tc etc c 
liminatico cf the phase shift beueen the d ooiidj e'eeii dgsal CRt^u' a b tj 
the first intermediate clock sigoai CK^j the elimtnaticc cf the phase 
stilt existing between the internal deck sign?: C K ( >j j and the e s : e ; o a ! 
deck signal CK £ ^ j . 

* 

CcoJeqeenilj , cnee the sc-cdlcd Jockiag tirte necessary f g r the ce 
lay iccked leep 12 fcr eliminating the p fc a s e shift existing between the 
ioternal deck signal CRjyj and the external deck « i g n a 1 CK £ Q-p has eiap 
sed. the interna! deck signal CK ]NT is perfectly it phase ffith the cxte 
rnal deck signal CKg^y ; in this iraf, one cf the c c s t r i but i c s s tc the ic 
rmaticn cf the synchronous access time TgijRsj is eliminated, and it is t 
herefcre possible tc increase the maximum reading frequency up tc the fa 
lues referred t c previously. 

Fignre 4 shews a graph similar tc that of Fignre 2, from *hich it 
is p c s s i o i e t c see clearly the e 1 i ra i a a t i c d c f the phase shift existing b 
e t v c e. n internal deck signal CK j ^ and the e i i e r o a : deck P. i f n a i CK g » 
and the n!id reading deriving there from. 

When a DLL a re hi lecture is uses fcr generating the Interna i deck 
signal C&uf, the user cf the memory 10 simply needs tc supply the ex-ei 
nal deck signal CRjj-p *;ih ac advacce sufficieit tc enable the DLL to i 
cck in phase with the external deck signal CKp$f itself. 

Alternatively, locking may he achieved daring a s e I f - 1 e a r n i n g step 
p r i c r t c data r e a d i o g f which may be act ivatcd by rc s a o s of an a p p ' c p r i a l 
c control signal, and during which the externa S deck signal C K g ^ j is si 
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P p I i c d :c the mercery !0 in itch a ray ;c it: ^evicts!) t*c delay 
reduced by the p : c g : 2 ir.m 3 li ! e delay circ:;t. W|;h t L i s modality, i; simp I 
y remains fcr tfee user to supp!r tc tic m c in o r } 10 i h * externa" clock si? 
oa! CS £ ^ j w i t h an advance c f a * i n g '. e p e ; I c 3 . since i o c k i n g c f the delay 

locked leep 12 has already taken place. 

Fcr exarcple. the r omnia id for act: *a tics cl the s e i i - ! e a ; n ; r g step 
cculd be issued immediately after pc^er-cn cf ice raenjcrv 10, ana in this 

?ay the delay -locked iccp 12 nc icnge: need tc be re-lccked in pha 

«e with the external clock signal, in so far as at? possible temperature 

vacations vi;l be eliminated t i r f- r b r iht leck cemmand having ic he is* 

♦ 

ued again. 

T\ t advantages that the prefer: invention a I f c r c s emerge c i e a r i y f 
rem an c x a m i a a t i c o c i the. characteristics presented h e i e i r. . 

Final:?, i i is clear that m c ri : I : (. a : : o r> $ ana v a i i a : i c c i ma? be mace 
tc the invention desc'beri anc illustrated herein, trithoct thereby depa 
rting from tfee sphere cf prntecticn. a* defined \i the attached claims. 

Fcr example, tie number cf delay ceils 22 cf the delay chain 20 ao 
ri their corresponding d o 5 a y cod; a be different f r cm what Is described he 
rein, in sc far as their number and d e. i a y obvious i y depend upon the rang 
e cf reading frequencies thai it is aimes tc ccvei. as sell as upen :fcc 
delay that i : is i c be r e c c r e r c d . 

F r em the fcregcinjj it * : ii be appreciated that, a \ though specific 
embediments c f the invent icq have b e e o d e i c r i b e a 1 1 1 ? i t fcr purposes of 
ill as: ration, various mod i f i c a t : o c- £ ma? be mace »ithcut deviating from t 
he spirit and scope cf the invention. Accordingly, the ioventicc is net 

limited except as by the appended claims. 
(. Brief Description cf Dryings 

Figurel shows the path cf the external clock sigul supplied by th 
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e user in a ncarc'atile memory acceding to the prior art: 

Fl^rc? shews the tine r e ! a t i c t cxijsieg. in a n c nvc ■ * : : : t mcaicrf 
according tc the prior an, between ijic cs!e:r.i! cluck sigsi! sapp.icd b 
v the user cf the memory a d d the deck signal ncc inside [fee nesicrj Its 
elf in relation t c the l r a n s i t i c c s c I the data present c d i fe e c u t p a t c \ 
the mercery ; 

Fij>ere3 shows !be p a t b cf the cxlcoa! clock signal supplied by th 
e user ic a nonvolatile memory according tc tic present invention; ace 

Figure 4 shews the time relation exis:in$. in a nonvolatile memory 
according to the preseoi iovca:icr:, be t^ee s the e x l e r c a ' c ; cck sUcal sc 
pplied bj tke user cl llic mercery and the cicci ngna! used ioside the me 
©cry itseif is relation to the triESi'. icos cf the data present cn :he cc 
t p u t cf the memory. 
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1 . A b s t r a c l 

Described herein is a csnFolilile memory ccmprisiig an input pig r 
c c e i f i n £ an external clock signal supplied b j a user; at i n p 1 1 b 0 H e ; re 
ceivinjr the externa! clock signal and supplying an i c t e r me a i a t c clock si 
gnai delayed with respec; tu the ulcrnal clock signal: ana a d r Say I c c k 
e t \ c c p r e c e i v j 0 g 1 h e iateiflsediitc elect s i g a 3 1 and s u p p i j i n % a c interna 
I deck signa' dinnhnicd ffitiiio the Docvoiatile memo r f and substantia! 
It i b phase with the external clcck S i g 0 a ! • 

2. Representative Drawing 

Figure 3 



